TI1is report includes the distribution records and updated checklists of the mosquitoes l·:nown to occur in Guam and nearby selected islands (ie, Snipan, Tinian, Rota), based on our field collections from various localities during 2010, published reports, and accessioned specimens deposited in the US National Museum ofNatural History, Smithsonian Institution, Washington, DC. Tbe status of common and potential mosquito vectors and their bome-pathogeos are also noted.
INTRODUCTION
The US territorial islands in the western Pacific Ocean have strategic and logistic military significance, particularly Guam and the Commonwealth of the Northern Mariana Tslands (Saipan, Tinian, Rota) ( Figure I ), in addition to their increas ing importance to the tourism in dustry. Protecting military personnel and civilians against arthropod vectors and the d iseases they transmit should be a high priority to both military commands and civi lian administrators. ln order to protect t he human populations in these islands, proper surveillance of vectors and the d iseases they carry must be regularly conducted or improved in order to develop effective prevention strategies. Vector surveillance and control programs would minimize, if not totally prevent, occurrence of mosquito-borne infecr tious diseases in target areas.
GEOGRAPHY, CLIMATE, AND D EMOGRAPHICS

Guam
Guam is located at 13.28 N, 144.47 E, with an area of 544 km 2 , and is the largest and southernmost of the 15 islands in the Mariana rslands arch.ipelago.
1 The northern part of the island is a fo rested coral line limestone plateau while the south contains volcanic peaks covered in fo rest and grassland. TI1e northern and central regions have more dense populations than other parts. The c limate is a typical tropical marine, and the weather is generally hot and very humid with little seasonal temperature variati on. The mean high temperature is 30°C :Uld mean low, 24°C, w ith an average annual rainfall of 2, I 80 mm. The dry season runs from December through June, and the remaining months constintte the rainy season. January and February are considered the coolest months of the year, with night time temperatures in the mid to low 20s ( 0 C) and genera lly lower humid ity levels. The highest risk of Lyphoons is during October and November, however, they can occur year-round. L Figure 1 . Guam, Rota. Tinian. and Salpan. and their location in the Mariana Islands archipelago (inset).
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, or 29% of the island's total land area. In the coming years, Guam will be experiencing a tremendous population growth as a result of the military buildup which has been described as one of the largest military-related operations since World War II. The US Marine Corps 3rd Marine Expeditionary Force, currently in Okinawa (approximately 8,600 Marines with 9,000 dependents), will be transferred to Guam by 2016. At the peak of the buildup in 20 In recent years, the threat of mosquito-borne diseases has been a serious public health concern with epidemics on neighboring islands and the constant introduction of infected people. However, epidemics were not identified on Guam. With expanding and very transient military and civilian populations, including tourists from Asian countries, the threat of mosquito-borne disease transmission is increasing. ln the past, multiple travelers returning to Guam from other locations have brought back cases of dengue, malaria, Japanese encephalitis, and even filariasis.
Historically, some of these mosquito-borne diseases have been autochthonously transmitted on Guan1. For example, dengue bas been one of the most troublesome mosquito-borne diseases with epidemics usually occurring in late summer. The primary urban vector of dengue fever, Aedes aegypti (Linnaeus), has rarely been found on Guam over the last several decades. A World Health Organization report *http:/ /lrs.afpmb.orglrlgn_appjar_loglnjguesVguest indicated that it was apparently eradicated from Guam. 27 Resulrs of various surveys in Guam in 1995, 28 2007, 27 • 29 and this study (2009) (2010) yielded no Ae. aegypti. It is SW11lised that it was eitl1er totally eradicated or missed during the collecting efforts due to errors in sampljng, seasonal occurrence variation, time and techniques used, immatures sh ifting to habitats other than artificial containers, and change of mosquito behavior. This may be due to competitive pressure from other species, inadequate larval collections from various breeding habitats, etc. In view ofthe transient populations on Guam, it is impottant to remember that the human is the main reservoir of dengue. Since Ae. aegypti is widely spread in Pacific areas where dengue is endemic, its dispersal is still occurring, and so its movement into and through the region is still of concem and should be prevented. 30 Therefore, once dengue is reintroduced or reestablished in Guam, it will take considerable time
~0 29 an 1 tgent contra e arts to era tcate 1e tsease. 20 12 and 2016, while Saipan and Rota (also with training sites) are popu lar rest and recreation locations lor many US mi li tary and DoD civ ilians, in addition to other tourists. 33 • 34 Liltle is known about the mosquito vectors and their borne infectious diseases in Tinian, Rota, and Saipan, as well as other surrounding islands. In l983, larval collections were conducted from 42 habitats at 21 different sites on Saipan, with 9 species collected, including those with potential as vectors of human diseascs. 5 invasive species) on those islands is important for mosquito control.
In this art icle, we report the distribution records of mosquitoes and provide updated checklists of known mosquito species found in Guam and nearby islands, particularly Saipan, Rota, and Tinian. We also note the status of common and potential mosquito vectors and the diseases they transmil.
M ATERIALS AND METHODS
Adults were collected from various localities in Guam (Figure 3) , with a modified miniature CDC light trap Although some mosquito identification keys 1 J.3 S,J 6 arc (Figure 2 ), baited with white or ultraviolet light wi th or avai lable, they do not exclusively <.:over Guam and without C0 2 and hung from a tree branch or from a surrounding islands, or they have to be updated to wall of a building. Most adult specimens were killed in include all species known to occur in Guam and trap jars wit11 insecticidal strip (2,2 dichlorovinyl nearby islands, particularly Tin ian, Rota, and Saipan. dimethyl phosphate. 1 0%), frozen in a freezer, or It is essential to know where mosquitoes currently placed in a container with dry ice. Larvae were occur and where potentially they will be found on the collected from household junk, tires, tree boles. river islands. Also, knowledge of introduced species (or and roadside side pools, and other water-filled .....--------------------------, containers with mosquito dippers, tltrkey basters, and plastic cups. Larvae were reared to adults in individual containers. Specimens were initially sorted and brought to the laboratory for further processing and identification. They were mounted on points on pins, examined, and identified using diagnostic morphological chm·acters with the aid of keys and descriptions from pertinent literaturc. .3 6 The latitude and longitude of each location were recorded using a hand-held global positioning system unit (Garm in In ternational, Olathe, KS) set to the WGS84 datum. For molecular species identification, DNA was isolated from individual adults ( I or 2 legs per adult). In addition, mosquito specimens deposited at the US National Museum ofNatural History (USNMNH) were examined and identified, and their collection data recorded. Coordinates for localities or collection sites of museum specimens were recorded using gazetteers.
· 38
RESULTS AND DISCUSSION Figure 3 .
The updated checklists of mosquitoes reported from Guam, Saipan, Tinian, and Rota were based on combined records from selected literature and present observation, mainly from specimens deposited at USNMNH and our recent field collections ( Table 2) . For the 4 islands, we recorded 40 species (with 4 subspecies) representing 8 genera: Aedeomyia (I subgenus), Aedes (3 subgenera), Annigeres (I subgenus), Anopheles (2 subgenera), Culex (2 subgenera), Lutzia (I subgenus), Mansonia ( 1 subgenus) and Toxorhynchites (1 subgenus). In our updated mosquito checklists, Guam has 40 species (including 3 subspecies in Aedes and 1 subspecies in Culex) while Saipan has 14 species; Rota, 9; and Tinian, 10. All species found on 3 islands (Saipan, Rota and Tinian) also occurred on Guam. Only a partial set of adult specimens from trap collections on Guam in 2009 and 2010 were processed, examined and identified. When completed, the collection data or occurrence records will be published in a separate article.
About 9 mosquito species were reported from Rota, representing 2 genera: Aedes (6 spp) and Culex (3 spp). 55 While Ae. aegypti was prominent during the early surveys on Guam and Saipan, the species declined rapidly following massive control programs during late 1940s. Only a single specimen of this species was discovered on a 1950 survey, for example, and the species was not recovered again until the I 970s. In 1980, a summary of the mosquito collection records of Southern Mariana Islands was reported. We recommend that intensive larval surveillance and collections from various breeding habitats be performed in Guam and nearby islands on a regular basis (weekly or monthly), in addition to adult lighttrapping. Except for the larval and pupal collections conducted from September to October 1991 on Saipan, 5 very limited immature stage surveys were done in other islands. Past surveys in Guam using adult light traps might have missed those species of mosquitoes that are not attracted to light or other trap baits, or are not active during months when trappings were conducted. Adults of some species of Aedes and Culex are less attracted to lights or less collected from light traps. Therefore, in addition to adult surveillance, larval collections from different habitats (artificial containers, irrigation ditches, pools, marshes, etc) on a regular basis throughout the year are necessary to understand the larval ecology and population dynamics of mosquito species, particularly vectors, in target areas of various islands. With the ease with which exotic pathogens are transported between countries or even continents, there is an urgent need to have a strong surveillance program to detect the spread of vectors and the diseases they transmit. Proper adult and larval surveillance efforts are essential Mosquitoes of Guam and the Northern Marianas: Distribution, Checklists, and Notes on Mosquito-Borne Pathogens 
